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doi:10.1016/j.ejvs.2008.09.023Abstract Objective: To analyze the problem of secondary arterioenteric fistulation, a rare
but serious complication.
Methods: A systematic literature review was performed searching for case reports as well as
patients included in articles analyzing especially infectious complications.
Results: 332 individual cases and 1135 patients from papers on complications were identified.
All types of surgery involving aorta and its branches could precede the complication, endovas-
cular procedures included. The development of a fistula can occur at any time after primary
surgery, the longest delay being 26 years. Bleeding was the dominating symptom with herald
bleeding in more than half of the patients, infectious problems present in around one quarter.
Diagnostic delay was typical, although decreasing over time. The mortality was high, lowest
after axillobifemoral revascularization and aortic graft removal. The information in the
articles is often heterogeneous and incomplete, and follow-up time is often too short.
Mortality after fistulation seems to have decreased over time.
Conclusion: Secondary arterioenteric fistula continues to be an extremely serious complication
after surgery on aorta and its branches. Every effort must be made to arrive at a rapid diag-
nosis. The best therapeutic option seems to be axillobifemoral revascularization and subse-
quent graft removal, which however, requires haemodynamically stable patients.
Endovascular repair may serve as a bridge to open surgery.
ª 2008 Published by Elsevier Ltd on behalf of European Society for Vascular Surgery.Introduction
Aortoenteric fistula is a rare primary presentation of an
aortic aneurysm (Bergqvist). Since the report in 1953 by
Brock the secondary type has emerged as a potentially fatal8 611 4633; fax: þ46 18 611
urgsci.uu.se (D. Bergqvist).
lsevier Ltd on behalf of Europeancomplication after vascular surgery in the abdomen and
retroperitoneum. The problem is so rare that very few
centres will obtain any great experience, but there are
indications that the prognosis may have improved as
a result of earlier diagnosis and earlier treatment.1e5 One
problem when studying this complication is the great
number of case reports and small case series as well as the
lack of reports with a structured epidemiological approach,
limiting the possibilities to draw scientific conclusions.Society for Vascular Surgery.
Table 1 Primary operation in patients with later devel-
opment of secondary arterioenteric fistulation
No of patients
Aortoiliac occlusive disease (one stent) 128
Aortic aneurysm, elective 143
Aortic aneurysm, rupture 23
Aortic aneurysm, stent graft 13
Renal artery reconstruction 13
Pancreaticoduodenal vein graft 1
Trauma 2
Unknown 9
Total 332
Table 2 Type of reconstruction and material at primary
operation
Dacron (tube or bifurcated, not always stated) 158
PTFE 18
Homograft 23
Other synthetic materials
(ivalon, nylon, silk, polyethylene, terylen)
8
Autologous vein 3
Thrombendarterectomy 9
Suture (trauma) 1
Fascia lata tube 1
Silk ligation of renal artery 1
Endovascular stent graft 13
Aortic stent 1
Not reported 96
Total 332
32 D. Bergqvist, M. Bjo¨rckThe primary aim of this article is to systematically
collect and analyze published data on secondary arterio-
enteric fistulae since 1953, focusing on the treatment and
prognosis. A secondary aim is to analyze how serious and
rare complications are reported in the literature, based on
the example of aortoenteric fistulae.
Methodology
A systematic literature search was made in Medline,
PubMed to identify all publications on secondary aortoen-
teric (arterioenteric) fistulation in the English, French,
German and Scandinavian languages. All reference lists
were also scrutinized to identify further papers. Search
terms used were aortic, iliac, renal, mesenteric artery
(surgery, intervention) and enteric (gastrointestinal tract)
fistula(tion). Two principal groups of papers were identified
e case reports and case series, where the individual patient
was reported in some detail and therefore possible to
analyze, and collective series, where individual cases were
not possible to identify. The latter cases were often
included in series reporting on graft infections. All papers
were read in fall, no controlled studies being identified.
The primary search was made by one author (DB), the
results being checked by the other (MB).
Results
194 papers with presentation of 333 individual cases were
identified between the years 1953 and 2006.6e204 In one
patient the graft limb was placed through the coecum with
septic complications.20 The patient is excluded from
further analysis, which thus consists of 322 cases. Seventy
collective reports with altogether 1135 patients were
published between 1959 and 2006 (median number per
article 12 (2e81)).1e5,145,205e268 Forty-six percent of the
case reports and 15% of the collective reports were
published before 1980.
Papers with individual case reports
The individual patients (272 males, 46 females and 14 with
unknown sex) had a median age of 63 (range 4e90) years at
time of complication. The primary operations are listed in
Table 1. There were many types of reconstructions during
primary surgery (Table 2), but in as many as 29% (nZ 96)
this was not reported. After the primary operations there
were complications within 30 days of surgery in 57 patients
(17%), most often infections or graft occlusions. In 79 (24%)
there were different types of complications, abdominal
reoperations and/or abdominal surgery because of other
than aortic diseases (peptic ulcer, malignancy, etc.) during
the interval between 30 days and fistulation. Median time
from primary operation to fistulation was 2 years (range one
week e 26 years), 119 (36%) occurring 5 years or more after
the primary operation.
The symptoms at onset of fistulation were variable,
haematemesis and melaena dominating and with symptoms
of shock being frequent, almost one third of the patients
(n 104) being in shock at some time during the course of
events described in the reports. (Table 3). One patientcould have several symptoms. So called herald bleeding,
i.e. minor bleeding starting various investigations and
preceding the major haemorrhage resulting in death or
emergency laparotomy, was observed in 180 patients (54%).
The fistula starting as infectious problems (locally or
generally) was seen in 81 patients (25%) and the combina-
tion of herald bleeding and symptoms as well as signs of
infection were seen in 36 patients (11%).
The typical clinical situation is the use of several diag-
nostic methods, most of them with negative outcome.
Furthermore, several of the possible findings are more or
less strong indications of the diagnosis, but the fistula is
seldom identified (Table 4). It is also remarkable that quite
a few negative laparotomies are reported (n 18), simply
because the possibility was not considered and thus the
exploration was not performed appropriately. The time
from the first symptoms to diagnosis varied between hours
and three years, median being 4 days. In 41 cases (12%) this
information was not given and in 105 (32%) the diagnostic
delay was more than one week.
The various bowel segments involved in the fistula are
given in Table 5, duodenum dominating. In five patients
(2%) there were more than one fistula. The majority of the
fistulas emanated from the proximal anastomosis (157 or
47%), 50 of which were reported as pseudoaneurysms.
Seventy-eight (23%) came from the graft, 12 of them from
an aneurysmatic development of a homograft, and 33 (10%)
Table 3 Presenting symptoms in patients with a verified
arterioenteric fistula
No %
Melaena 178 (54)
Haematemesis 137 (41)
Gastrointestinal bleeding,
unspecified
29 (9)
Fall in haemoglobin 51 (16)
Shock 101 (31)
Abdominal pain 70 (21)
Back pain 20 (6)
Pulsating tumour in abdomen 18 (6)
Anorexia 19 (6)
Fever 35 (11)
Sepsis 38 (12)
Abscess penetrating skin 10 (3)
Septic embolization 7 (2)
Graft occlusion 5 (1)
Ileus 1 (0.3)
Each patient may have more than one symptom, explaining why
the sum exceeds 100%.
Table 5 Bowel segment involved in arterioenteric fistula
n (%)
Stomach 2 (1)
Duodenum 233 (70)
Jejunum 40 (12)
Ileum 22 (7)
Colon 25 (8)
Appendix 1 (3)
Unknown 3 (1)
In five patients there were two fistulae.
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unclear or not given. The remaining 19 (6%) had other
origins (arteriotomy, ligated artery, patch, stent junction,
expanding aneurysmal sack after stent grafting).
When re-operated on there were many ways to handle
the vascular lesion, from no treatment at all to various
types of in situ or extra-anatomic reconstructive solutions.
In as many as 67 (20%) no reconstruction was attempted. In
six cases no information regarding treatment was given.
The dominating methods were graft removal with axillobi-
femoral bypass (n 74, 28%), axillobifemoral bypass and
thereafter graft removal (n 23, 9%), graft removal and some
type of in situ reconstruction (n 56, 21%) and local suture
with or without patch (n 59, 22%) (Table 6).Table 4 Diagnostic tests used in patients with
arterioenteric fistula
Positive Negative Accuracy (%)
Laparotomy 182 18a 91
Gastroscopy 40 93 30
Ultrasonography 6 10 38
Computer tomography 60 16 79
Angiography 36 49 42
Small bowel X-ray 5 11 31
Large bowel enema 3 34 8
Gastric X-ray 13 41 24
Colonoscopy 4 37 10
Scintigraphy 7 7 50
MRI 2
Fistulography 1
Autopsy 41 100
a The whole bowel was not isolated, the patients continued to
bleed and the fistula diagnosed by other means, usually
autopsy.In eight patients a stent graft was used to cover the
upper anastomosis, the presumed site of the fistula. Six of
the stent-grafted survived, one died and in one patient
there is no information. No bowel complications occurred
but follow-up was short (median 7 months). One patient
had a recurrent fistula and was operated on, one was
operated on after a week because of sepsis, dying after
2 months of rupture. In one patient duodenum was sutured
after stent-grafting.
The bowel lesion was most often only sutured (n 165,
51%), but in 97 cases (29%) nothing was done or information
is lacking. In 63 (19%) various types of bowel resections
were performed. In the eight patients treated with stent-
graft, there was no specific treatment of the bowel lesion.
The follow-up time was variable. In eleven cases there
was no information on survival. Of the 145 survivors no
follow-up time was given in 32, in 21 it was less than one
month and in only 55 it was 12 months or longer. The
survival time for the 175 patients who died was less than
one week in median (range less than one week e 9 years).
The causes of death are given in Table 7. A total of 31
patients developed a stump blow out or recurrent fistula
and of those 23 (74%) died.
Themortality dependingon the reconstructive approache
divided into the four largest groups e is given in Table 6. The
best outcome e if time allows e was observed after having
secured circulation to the legs by an axillobifemoral bypass
followed by graft removal, and the worst outcome was seen
after simple suture of the defect. Among the 243 patients
reported in publications before 1990, 149 died (61%), and
among the 89 patients reported from 1990 onwards, when
CT scanning was more commonly used, 28 died (31%), the
difference being 30% (95% CI 16e39%) (c2 19.3). During
the period before 1990, 59% were diagnosed within the first
week, and from 1990 this proportion was 75% (p< 0.01).
Papers reporting on groups of patients
The data presented under this heading are based on the
1135 patients but information in all details is not always
given. The sex distribution is 74% males and 26% females
with a median age of 67 years (range 14e91). When possible
to identify, the primary operations were 406 for AAA, 396
for aortoiliac occlusive disease, 2 renal artery reconstruc-
tions and 11 miscellaneous. The median duration between
the primary operation and occurrence of the fistula was 47
months (2 days e 24 years). The presenting symptoms were
gastrointestinal bleeding in 72%, septic complications in
Table 6 Mortality with regard to reconstructive solution e
the main categories. Based on papers presenting individual
cases
No of
procedures
No of
deaths
Mortality (%)
Graft removal and
axillobifemoral bypass
72 30 42
Axillobifemoral bypass
and graft removal
23 5 22
Graft removal and new
graft in situ
56 21 38
Suture (patch) 59 33 56
All 210 89 42
Table 8 Mortality with regard to reconstructive solution.
Based on papers presenting case series
No of
procedures
No of
deaths
Mortality %
Graft removal and
axillobifemoral bypass
163 83 51
Axillobifemoral bypass
and graft removal
16 5 31
Graft removal and new
graft in situ
96 45 47
Suture (patch) 80 52 65
Graft removal and
closure
20 19 95
Explanation. No specific
treatment
20 20 100
All 395 224 57
Table 9 Publication year of articles on secondary
34 D. Bergqvist, M. Bjo¨rck16% and a combination of the two in 12%, which means that
bleeding occurred in 84%. Other presenting symptoms were
abdominal and/or back pain (n 65), septic embolization
(n 4), palpable mass (n 26) and graft limb occlusion or
extremity ischaemia (n 7).
Of the various bowel segments duodenum was involved
in 75%, jejunum in 9%, ileum in 6%, small bowel unspecified
in 4% and colon in 4%. Appendix was involved in four cases
(0.6%) and in eight patients (1%) more than one bowel
segment was included in the fistulation.
The median time until correct diagnosis was 8 days
(range 0 h e 18 months), but this time was only reported in
18 papers.
Treatment varied as did length of follow-up, the latter
between in hospital and the longest 17.6 years.238 In Table 8
is given the mortality related to the type of reconstructive
procedure irrespective of follow-up time, since that
information was not available in the individual cases.
Moreover, any relevant information on this matter is only
possible to obtain in 26 of the 71 articles. In one paper four
patients were treated endovascularly212 with two survivors
23 and 34 months postoperatively and two deaths after
11 months (sepsis and myocardial infarction) and 18 months
(cerebrovascular accident). In the paper by Baril et al.206 six
out of eleven patients were treated endovascularly with all
surviving at follow-up 3e27 months postoperatively.
Danneels et al.215 treated 13 patients with endovascular
technique, but with a 60% frequency of reinfection or
recurrent fistulation after 9.5 (0.6e31) months. The
mortalities for the various procedures presented in Table 8
are remarkably similar to those given in Table 6, respectively.Table 7 Causes of death in patients with arterioenteric
fistulas where this information is given
n
Haemorrhagic shock 90
Septic shock or MOF 29
Cardiac death (MI or arrthythmias) 21
Aortic stump blow out 14
Other causes 18In one paper all fistulas were detected at autopsy.224
In the papers where the survival is reported (38 articles,
56%) again the follow-up time is as given above. In twelve of
the papers no time is given. With this caveat 255 of the 548
patients survived (47%). A life table analysis is not possible.
Analysis of publications on secondary
arterioenteric fistulation
In Table 9 the publication year of the articles are listed.
The greatest number of published case reports seem to
come somewhat earlier than that of the collective series.
Depending on the complication studied different criteria
can be defined, necessary for an adequate analysis. In
Table 10 such information regarding arterioenteric fistula-
tion is suggested, and in what proportion these are fulfilled
in case reports and case series are listed. It is obvious and
not surprising that case reports are more detailed. Espe-
cially regarding follow-up the information is suboptimal.
When follow-up time is given in the papers, it is often
unacceptably short.
Discussion
Communication between an artery and the bowel is very
serious, and the secondary type of fistulation can be seenarterioenteric fistula
Number of
Case reports Reviews
1953e1959 10 1
1960e1969 31 2
1970e1979 49 8
1980e1989 48 30
1990e1999 23 20
2000e2005 33 9
All 194 70
Table 10 Criteria to be reported in an article dealing with
secondary arterioenteric fistulation
Case reports
reported in %
Collective series
reported in %
Sex, age 97 50
Indication for primary
surgery
97 59
Reconstruction
technique
86 29
Postoperative
complications
65 18
Time to fistula symptoms 97 82
Presenting symptoms 99 75
Diagnostic test
leading to diagnosis
97 45
Time to correct diagnosis 95 29
Treatment 98 70
30-day complications 79 5
30-day mortality 93 64
Cause of death 52 14
Time of follow-up 80 39
Status at follow-up
(alive, dead)
96 66
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frequently seen after aortic surgery. It is rare and also in
patients with a history of aortic reconstruction and ongoing
gastrointestinal haemorrhage, the majority has alternative
explanations to the bleeding.244 However, the seriousness
of an arterioenteric fistula must lead to a high degree of
clinical suspicion, which means that it must be excluded
before another diagnosis is accepted. The incidence is in
fact not known as epidemiological data are lacking, but it
seems to be around or even less than 1%.1,209,218 One
problem is the sometimes very long delay before it occurs,
which means that the true incidence cannot be obtained
until decades after the operation, the longest delay
reported being more than 20 years.3,116,172,180,209,215
However, the majority of events occur within a few years.
The delay seems to be shorter in patients, where the aortic
reconstructive procedure has been complicated, especially
by infections.209 The practical conclusion is that in
a patient with an aortic reconstruction, gastrointestinal
bleeding e whenever it occurs e must be suspected to be
caused by an aortoenteric fistula.
The pathogenesis of the fistulation is not single,
different explanations have been brought into focus. Local
infection, direct bowel (usually duodenal) injury during the
surgical dissection, bowel injury by anastomotic pseudoa-
neurysm or sutures, and fibrous contact between the graft
body and bowel leading to pulse synchronous repetitive
trauma. This means that meticulous dissection is important
to avoid trauma to the bowel, duodenum being especially
vulnerable for anatomic reasons. Furthermore, it is impor-
tant as far as possible to cover the graft, to prevent direct
contact with bowel. The complication can also occur after
endovascular aortic reconstruction, either by pressure or
erosion from the device or by aneurysm expansion in case
of endoleak.269Clinically there are two main groups of symptoms, either
gastrointestinal bleeding or infectious symptoms. It is
important, that more than half of the patients have so
called herald bleedings, which offer time for diagnosis and
planning the best treatment. A large number of diagnostic
tests have been used in the majority with obsolete results.
Having a high degree of suspicion, the diagnosis must be
asked for, which for instance means that the endoscopists
should make every effort to inspect down to the fourth
portion of the duodenum, where most fistula are located,
and that the CT investigator should look at indirect signs of
the complication: dense contact between graft and bowel,
infectious signs, contrast leakage, etc. The fistula is rarely
seen directly, and this is true also for angiography, where
however, an anastomotic aneurysm should strengthen the
suspicion. In the diagnostic efforts it is also important to
know the possibility that the fistula can be localized
anywhere in the gastrointestinal tract although duodenum
dominates for anatomic reasons. In rare cases there may
also be two fistulas. The very long diagnostic delay reported
in some publications is no longer acceptable e the knowl-
edge of the complication must be spread among colleagues,
which should speed up the diagnostic process. Moreover,
modern imaging techniques may be of value, the combi-
nation of FDG-PET and CT scan being promising.270,271
Several treatment options have been used, but the
combined results from the two parts of this review show
that the best outcome is seen when an axillobifemoral
reconstruction precedes removal of the aortic graft and
closure of the stump (Tables 6 and 8). It must be empha-
sized, however, that there may be important confounders.
It is probable that these patients were more circulatory
stable than those operated on with graft removal prior to
axillobifemoral reconstruction. Primary graft removal may
be because of ongoing haemorrhage, and fairly equal
outcomes are reported with either graft removal and axil-
lobifemoral bypass or graft removal followed by an in situ
reconstruction with a new graft. Recommendations to use
infection resistant grafts such as rifampicin-bonded grafts,
allografts or deep femoral vein grafts seem reasonable, but
existing series are small and the evidence therefore
weak.227,231
Obviously, those three treatment alternatives are diffi-
cult to compare because the prerequisites could be
different and various types of bias could occur. Sometimes,
because of the heavy bleeding perhaps with unstable hae-
modynamics or even haemorrhagic shock, there is no time
to perform an axillobifemoral reconstruction as a first step.
If at all possible, however, this does avoid an otherwise
often long ischaemic period to the lower half of the body.
The dissection and the reconstructive procedure may be
technically very demanding and time consuming. All other
therapeutic options than the three described are clearly
inferior and should not be used. In a univariate analysis,
Armstrong et al.4 found that presenting with haemody-
namic instability, the need for preoperative transfusion and
suprarenal aortic clamping significantly increased 30-day
mortality.
Recently a new therapeutic method has been suggested,
and that is endovascular repair, first reported in 1999 by
Deshpande et al.60 In an infectious region this does not
seem optimal as a final solution as there are several
36 D. Bergqvist, M. Bjo¨rckproblems reported.215 Moreover, the bowel defect is not
adequately dealt with. However, as a bridging procedure
bringing the patient into a haemodynamically stable
condition it is an attractive alternative, especially as the
patients often are fragile with serious
comorbidities.56,206,212,215
To summarize the various treatment options, no
comparisons have been made and will probably never be
done due to the rare occurrence of the complication and
the complex nature of it. The lack of hard data on the most
beneficial options leaves us with individual decision-making
in an often emergent clinical situation. However, we mean
that the data support primary revascularization and then
removal of the infected graft if time allows.
Once the patients have survived the postoperative
period, they are always at risk for recurrent infection and
aortic stump dehiscence, usually with a fatal bleeding.
One problem with the many published reports is the very
inhomogeneous structure of what is reported, making
comparisons and compilation difficult. One obvious concern
is the variable follow-up times, often far too short and
many times not even reported. Arterioenteric fistulation is
a serious complication, where a lot of effort and resources
are used, and then it seems reasonable to standardize
reporting routines and follow-up time, which should be at
least one year.
Another problem when trying to cover a 50-year period
of a complication is the development of several aspects of
medical care including diagnosis, surgical technique,
intensive care, antibiotic treatment, follow-up routines,
etc. during this period, which would make temporal
comparisons difficult. Nonetheless, when comparing case
reports before and after 1990 there seems to have been
rather dramatically improved outcome as far as overall
mortality is concerned (from 62 to 34%), thus supporting the
indications alluded to in the introductory remarks on an
improved prognosis over time of this dreadful complication.
We must, however, also be aware of various types of
publication bias, which could explain at least some of the
more favourable results in recent years in addition to
improvement in medical care mentioned above. Being
involved in the Swedish vascular registry we firmly believe
that a prospective registry would help in dealing with rare
complications as arterioenteric fistulations. We intend to
use SWEDVASC data to obtain further information.
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